REMARKS 

The objection to the Amendment of August 27, 2004, and rejection under 35 USC 112 
are because the Examiner states that the original disclosure does not support for the electrode 
layers being continuous. We respectfully disagree. The specification page 10, lines 16-18, 
discloses that the electrode layer can be made of for example aluminium foil. Further, figure 7 
and the specification related thereto show that in the strip the electrode layers are continuous. 
Further, Figure 7 and the specification disclose how a pipe is made by winding the strip 
spirally into a pipe, such that the adjacent convolutions in the strip touch each other. Thus, 
figure 7 and the specification together disclose how the pipe has continuous electrode layers. 

The Examiner rejected claim 1 as being anticipated by Nishino (US 6,089,278). The 
Examiner states that the adhesive layer of Nishino is inherently an insulating layer. The 
reason for his statement is that the adhesive layer of Nishino is made of plastic, and the 
Examiner is of the opinion that inherently plastic material is an insulator when not provided 
with conductive materials therein. We respectfully disagree. It is known to a person skilled in 
the art that some of the plastics are conductive, although they are not provided with additives 
to make them conductive. The attached enclosures show examples of inherently conductive 
plastics. For example polypyrrole and polyaniline are inherently conductive polymers. Thus 
there is no disclosure of the claimed electrically insulating layer in the Nishino, et al. patent. 

The Examiner further rejected claims 1 and 2 as being unpatentable over Brown (US 
4,554,650) in view of Schmidt (US 2,691,698). As it has been earlier discussed, brown does 
not disclose continuous electrode layers. The Examiner states that Schmidt teaches total 
coverage and such is considered the equivalent of continuous. We strongly disagree. Schmidt 
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does not disclose a continuous electrode. Schmidt discloses on colimm 10, lines 10-14 that 
the aluminium foil wrap 5 is applied such that the laps or adjacent convolutions are spaced so 
that they do not touch or overlap. This means that, for example, a nail can penetrate into the 
cable from between the adjacent aluminium foil wraps, such that it does not touch the 
aluminium foil 5. 

Further, the Examiner states that the layers in Schmidt are hollow and provided with 
wires. It is really astonishing that the cable disclosed by Schmidt can be regarded as a hollow 
pipe. Attached is a page from the new Oxford Dictionary of English, which describes that a 
hollow article has an empty space inside. Because the layer 2 in Schmidt is wrapped around 
wires, the layers 2, 3, 4, 5 and 6 are not hollow, because there is not an empty space inside. A 
telephone interview with the Examiner is requested to ask by which terms he would describe 
a hollow pipe such that everybody would understand that a hollow pipe does not mean a 
cable. An Applicant Initiated Interview Request From is attached. 
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consisting of a metal iyUnder with a toothed ^ 
'ioW /haoli:/ ►noun a Hindu spring 
celebrated in February or March in honour^ 

Krishna. 



hollan^^p^ ft^lland aise sauce 



875 



- ORIGIN via Hindi from Sanskrit holr. 
Holiday / hohdci/. BiUie (j^lS-SD) Am«icaaj^, 
singer, bom Beanora Fagan She be^ ^ 
recording career with Benny Goodman s band , 
1933. going on to perform with many small 
groups. I 
holiday chiefly Brit ►noun (often holiday*) 
extended period of recreation, especially one $pc|| 
away from home or in travelling J spent niy 
}iomaysonafarm\FredwasmlumayinSpaixi J 
■a day of festivity or recreation when no work isdaei 
25 December is an qflfirial public holiday. .[» 
characteristic of a holiday; fesuve: o 

- owciN Old English hflligdasg 'holy day-. 
holiday camp ► noun Brit, a site for holiday 

with accommodation, enterumment. and 

fecilities. 

hoHdaymaker ►noun Brit a person on 
away from home. ^ 

holiday season ►noun (in the US) the periodj 
time from Thanksgiving until New Year. mdu<^ 
such religious festivals as Christmas. Hauni 
and Kwanzaa. 

holiday village ►noon Brit a large. 
. holiday camp. 

holier-than-thou ► adjective charactemed 
i attitude of moral superiority, they hod quite a ( 

holi^-^n-rhou oppnwch. 
holiness ► noun (mass noun) the state of being 
life of holiness and total devotion to God. 
.(HisTfour Holiness) a title given to the 
Orthodox patriarchs, and the Dalai Lama, « - 
addressing them, - [as moditoj ^l^noUng a CL. 
renewal movement onginatmg m the mrf 
; century among Methodists m the "S. empto 

* the Wesleyan docmne of the sancoi 

' -owctlToid English hdlignes (see MOtr, 

Holinshed /'holinled/. Raphael (died d 
k EngUsh chronicler. Although the earned 

o?^TTie ChTonides of England. 
K (1577). Holinshed vnrote onty the fjistone^ i 
"l and had help v«th the lemainder. The 
(1587) edition was used by Shakespeare, 
holism /'haol.4a)m. 'M-/ 1^,1, 
Philosophy the theory that Pa^^^of a v*oie 
intimate interconnection such that th^ 
exist independently of the v^^ole 
understood without "^^^f^^^ 
is thus regarded as g^^^^^^.J^^^^'^'en^ 
parts. Holism is often apphed ^ ^/"^ 
language, and ecology. The opposite ot *^ 
IS the treating of the whole pe^- « 
account mental and sooal factors. rain« 
the symptoms of a disease. 

- DERIVATIVES hoHst adjective & "f"" .3^. 

- ORIGIN 1920s: from ^Zta 
J. C. smuts to designate the tendency 
produce organized 'wholes' O^od^es or 
from the ordered groupmg of units. 

holistic /hao listik. ho-/ ►««»i^^^tfi 
characterized by «nderstandmg^bej 
something to be intimately intend 
explicable only by reference to the^vrti i 
.Medicine characterized by "^^^tTtal ^ 
person, uking into a<«>"^SoStf rf^ 
fectors. rather than just the^P»«« 
- DERIVATIVES hoHstlcally adverb, 
holla rholW ► exclamation "^^^r j 
to something: 'Hollaf what stortnj^ tf^s^ i 
-ORIGIN early ^^th cent, (as an , 
cease): from French hoW. from "° ^ 
Holland another name for j^^ds.^ 
■a former province of the Nether^^ 
"the coasta? parts of th; ^^^J^jUj 
into North Holland and South Hot^^ J 
holland ► noun [mass noun] a kind 0 
wearing linen fabric, used cbieny 
blinds and furniture covenng. 
-ORIGIN Middle EngUsh:/rom H 
of a former province of the 
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^nth was made, from Dutch, earlier HoItIant:'(from 
St -wood* ♦-tont 'land'). 

honandalse- sauce /.hobn'deiz. 'holaii.deiz/ 
► BOOD [mass nounj a creanqr sauce of melted butter. 
!lg yolks, arid vinegar, served especially with iGsh. 
^ctN Freiich hoBandaise, feminine of hoiZdndais 

' 5)uirii'. fiflm HoSkmde 'HoUand'. 

HoUsnder ► Man dated a native of the Nethe^-^ds. 

Ilpltaijds> noon (mass noun} arcfuic Diitch gin. . 

.oRiciN froin archaic Dutch hoUandsch genever 

' (earlier form of hoHandsJennw^ 'Dutch gin*. ■. 

holler infonral ► [no obj.] (of a person) give a loud 
shout or ay: he hollers when he wants feeding | (with 
(firsd speech] 7 cant get down,' she hoUered, 

^ noon a loud.ciy or shout 
a(also field boner) dadt/ US a melodic ay with abrupt 
or swooping dbixoges of pitch, used originally by 
black slaves at woxic in the fields and later 
contributing to the development of the blues. 

-omciN late 17th cent, (as a vert)): iraiiant of the 
lare veib hollo; related to halloo. 

Hollertth /'hobnO/. Hennan (1860-1929). American 
engineer. He invented a tabtilating machine using 
poncfaed cards for computation, an important 
precursor of the electronic computer, and fotmcled 
a campany that later e3q>anded to become the IBM 
Coiporation. 

hoHow > a^ective 1 having a hole or empty space 
inside: each ^^brr has a hoQow core, 
■hiring a depression in its sur&ce: concave: h^ow' 
dueds. ■ (of a sound) echoing, as thou^ made in or 
on an empt^ containen a hoOw CDifgh. 
2widu)Ut significance: fhe rsstdt was a hoDow victory, 
■insinbere: a hoOow promise. 
^ Mill a hole or. depression in somethii^: a hMow at 
Of base qfa lairge^ree. 

•a h^ or. enclosed space withjb something: he. held 
fton ht the hoOow 1^ Us hand. ■4'small valley: a vAage 

. ttsfled to,a hoOow in the Cots%M9^ 

ly maWiigi a hole: a tumid .was 

mbiHtdeutina mountain rangit. 

aouke ^-depression in: Honi's laugh hoOdwed her cheeks. 
•FHRASES^ boat , sonieono hollow defeat or sui^^ass 

stmieaiie.comp^^ or thorou^ily. 
•OBRiy^TiyES ^ — - ' 
•OUClN,Qld:E 

fcoOw^yed ►«(QecCi«e (of a person) having 
^^fS^ eyes, typically as a result of illness or 



holh 'cave*; obscurely related to 



toles, 



^^^:^^t^^,^^ia^cerei false, 
if^f^/^ w?*! hi^Hcal a body of inlantiy 
^^j^fluar? with space in the middle. 
^^►:iMm.:[mass Vfioun] iioUow articles: of 
* toocteiy, sudr as pots, kettles, and 
'^V- 

^[1936^59); Ainerican rock-and-ioll 
^ a^d soiigwriter; bom CharUs 
Ss^J^ided ^ch hits as TTiafU be 
g^and, Ihe'Crickets. before going 
aircraft crash. ' 
I^J^ distributed evergreen shrub. 
™^|*^i*3?j5f <laric green leaves. smaU 
~a berries. 

K many species, in particuiair /. 

; foliage; and berries of this 
tfons at CSuistmas. 
g«h h(>Ii, shortened form of Old- 
5[. of G&rmamc origin: related to 

;i;r€^;. :.;, • 

Shield fern which has 
m jjfith a double row of stiff 
W.?PiW4 chie% in mountainous 
\8f?^4^6rth America. 

f WWespread f? feocft«& 

pJaU. Eurasian plant of the 
="^„showy flowers. 

^^fro'in holy + obsolete hock 
Wi^: originally denoted 
- -??fa^.has .medicinal, uses 
of 'bol/); the current 
,16th cent. 

1 oak or the kermes oak, 
^^^'ergreen leaves that.are 
«noUy, .... 



Hollywood a district of Los Angeles, the principal 
centre of the American film industry. , . 
■the American film industzy and the lifestyles of the 
people associated with it: he was never seduced by the 
^itz and money ofHoXfywood. 

holm /hwm/ (also holme) ►■oomi- BriL an. islet, 
espedalfy in a river or near a mainland. ... 
■a piece of flat ground by a river, which is. submerged 
in time of flood. 
-ORIGIN Old English, from Old Norse holmr; more 
frequently used in Scotland and northern England, 
but found in place names throughout Britain. 
Holmes' /hwmz/, Arthur (1890-1965). English 
geologist and geophysidst. He pioneered the 
isotopic dating of rocks and was one of the fir^t 
supporters of the theory of continental drift. His 
Principles of PhyskaH Ceoiogy (1944) became a 
standard text. 

Holmes* /hximz/. Oliver Wendell (1809-94). 
American physidan, poet, and essayist. His best- 
known literary works are the humorous essays 
known as 'table talks', which began with The 
Autocrat of the Bneol^ Table (1857-8). 
Holmes* /haumz/, Sheripck. an exttemely 
perceptive private detective in stories by Sir Arthur 
Conan Doyle. 

- DERIVATIVES Holnieslan adjective, 
holmlum /'hauhmam/ ► nooa [mass noun] the chemical 

element of atomic number 67. a soft silvezy-wfaite 
metal of the lanthanide series. (Symbol: Ho) . 

- ORIGIN late 19th cent: modem latin, fiom Holmia, 
Latinized form of Stodcholm, the capital of Sweden 
(because many minerals of the yttrium group, to 
which holmium bdongs. are found in that area); 
discovered by P.T. Qeve, Swedish chemist. 

holm oak ► nooa an evergreen southern European 
oak. which has dark green ^ossy leaves. Also called 

EVERGREEN OAK or tUEX. 
• Querojs Bex. tamSy Fagaceae. 
-ORIGIN late Middle Enj^h: holm, alteration of 

dialect hoOin. from Old Eng^h holen 'holly*, 
hoto /'holao/ ► ootiQ (pi. ^).inlbnnal a hologram. 

holo* ► combining form %^ole; complete: hofocoust | 
holophytic 

- ORIGIN ftom Greek holos \s^ole\ 
holocaust /'bolakD:st/ ►noun 1 destruction or 

^u^ter on a mass scale, especially caused by fire 
or nuclear wan a nudear holocaust | (mass noimj the 
Amit of imminent holocaust 

■(the Holocaust) the mass murder of Jews under the 
German Nazi regime during the period 1941-45. 
More than 6 . million Eurt^ean Jews, as well as 
members of other- persecuted groups. %vere 
murdered at. c o ncentiation camps such as 
Auschwitz. 

2 historical a Jewish sacrificial offering which is burnt 
completely on an altar. 

- ORIGIN Middle English: ftom Old French hoZocouste. 
via late Utin fiv>m Greek htOcHuatston, ftom holos 
•whole* ♦ leatistos 'btimt* (ftom fcoiefn •bum'). 

Holocene / holasiin/ ► adjective <3eology of. relating 
to, or denoting the. present epoch, which is the 
second epoch in the Quaternary period and 
followed the Pleistocene. Also called Recent. 
■[as noun the Holocene) the Holocene epoch or the 
qrrtem of deposits laid down dming this time, 




via late Utin from C 
•whole* + 'grnphos 'writ 
holography /hologra 
or production of holos 
-DERIVATIVES hologn 
Icalty adverb. 

holophrasis /.hDi3(o)' 
expression of a whole 
example howdy for how 
■ the learning of linguis 
by veiy young chil 
language, for example 

- DERIVATIVES holoph 

adjective, 
holophytic /,ho»a(o)Ti 
plant or protozoan) a 
organic compounds by 
holothurian /.hola(o)'( 

cucumber. 
-ORIGIN mid 19th cen 
genus name Hohmuric 
denoting a kind of zooi 
Holothuroidea |,hD\g^ 
of echinoderms that coj 

-DERIVATIVES holothun 

adjecth/e. 
-ORIGIN modem Latin 
holothourion (see HOLOTt^ 
holotype /'holatAip/ ► n 
type spedmen upon m 
name of a new spede 
syntype. 
hois ► pfural noun BriL Infon 
- ORIGIN early 20th cent.: 
Hoist /haolst/. Gustav 
English composer, of Sw 
He made his reputation 
Vie PlaneU (1914-16). Ot 
Hymns from the Rig Veda ( 
Holstein' /'holstAin, -fiA 
German kingdom of 
southern part of the Jutl 
. Denmark from 1474. it w 
and incorporated with t 
Schleswig as the provinc- 
Holsteln> /'holsiAin. -i:r 
typically black-and-whii 
catde. 

Hotsteinlan /horstAim; 
relating to, or denoting 
the Pleistocene in north* 
Elster glaciation and corr 
in Britain. 

■[as noun the Holstelnian] 

or the system of deposits 

- ORIGIN 1960s: from HOLt 
holster /'haolsta, hoi-/ ► 

a handgun or other fir 
leather and worn on a I 
shoulder holster. 
►vetb (with obj.J put (a gun) ir 
-ORIGIN mid 17th cent, 
contemporary with Out 
origin. 

holt* /hdutt/ ► noun 1 the d< 

2 dialect diiefty US a grip or I 

- ORIGIN late Middle Engli: 



-ORIGIN late 19th cent: coined in French ftom 
NOLO, •whole* 1- Greek kainos *new*. 

hoioenzyme /.holao'enzAun/ ►noon Biochemistry a 
biochemical^ active compotmd formed by the 
combination of an en^rme with a coenzyme. 

Holofernes /.hobTainiaE. halofo.ni:^ (in the 
Apocrypha) the Assyrian general of 
Nebuchadnezzar's forces, who was killed bv Tudith 
auditii4:lff.). 

hologram /'hol^ram/ ► men a three-dimensional 
image formed by the interference of light beams 
ftom a laser or other coherent light source, 
■a photograph of an interference pattern Wbith ■ 
when suitably iUuminated. produces a three- 
dimensional image. 

holograph /'holagraiiy ►noun a manuscript 

handwritten by the person named as its author. 
- ORIGIN early 17th cent.: fipom French holographe, or 



holt' /hault/ ► noon archaic ot 
hiU. 

- ORIGIN Old English, of Ge 
Middle Dutch hour and Ge. 
European root shared by C 

holus-bolus /.haulas'bao 
archaic all at once: swallow 
made holus-holus. 

- ORIGIN mid 19th cent, (or 
pseudo-Latin for *whole bo 

holy ►adjective (holler, h 
consecrated to God or a n 
the Holy Bible \ the holy mont 
■(of a person) devoted to thi 

holy men. m morally and sp: 

leodaholKK/r. 
2 dated or humorous used in € 
or dismay: holy smoke! 
-ORIGIN Old English hdlij 
related to Dutch and Germ 
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ElectroActive Polymers - EAPs 

Topics Covered 

Electric EAPs 

Ferroelectric Polymers 
Dielectric EAP 

Electrostrictive Graft Elastomers 
Electrostrictive Paper 
Electro -VIscoelastic Elastomers 
Liquid Crystal Elastomer (LCE) 
Materials 
Ionic EAPs 

Ionic Polymer Gel flPG^ 

lonomeric Polvmer-Metal Composites 

flPMC^ 

Conductive Polymers (CP^ 
Carbon Nanotubes (CNT) 
Apolications 

Background 

In the last decade a new breed of polymer 
has emerged which responds to external 
electrical stimulation by displaying a 
significant shape or size displacement. These 
materials, known as electroactive polymers, 
or more commonly EAPs are now on the 
verge of many exciting applications. 

EAPs have attracted much attention from 
engineers and scientists from diverse 
disciplines. In particular, researchers in the 
field of biomimetics (a field of study where 
robotic mechanisms are based on 
biologically-inspired models) find It 
foreseeable that these materials may be 
applied to mimic the movements of animals, 
insects and even human body parts (Figure 
1). 
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Figure 1. Potential application for EAP in 
biomimetics. 
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Generally, EAPs have the ability to induce CollaboratiYQ Research 
strains that are as high as two orders of Oppo^unity 
magnitude greater than the movements 
possible with rigid and fragile electroactive 
ceramics (EACs). EAP materials have higher 
response speeds, lower densities and 
improved resilience when compared to shape 
memory alloys (SMAs). Limiting factors to 
EAPs are low actuation forces, mechanical 
energy density and lack of robustness. 
However, there have been reported 
successful applications in catheter steering 
elements, miniature manipulators, dust- 
wipers, miniature robotic arms and grippers. 

There are two major categories that EAPs 
depending on their mode of activation 
mechanism, these include, electronic and 
ionic categories. Table 1, outlines the 
advantages and disadvantages of both types 
of EAPs. 

Table 1. Outline advantages and 
disadvantages of both electronic and ionic 
EAP categories. 



EAP 
Type 


Advantage 


Disadvantage 


Electronic 


• Can 


• Requires 


EAP 


operate in 


high 




room 


voltages 




conditions 


(-150 




for long 


MV/m) 




periods of 


• Requires 




time 


compromise 




• Rapid 


between 




response 


strain and 




time 


stress 




(mSec 


• Glass 




levels) 


transition 




• Can hold 


temperature 




strains 


is 




under DC 


inadequate 




activation 


for low 




• Induces 


temperature 




relatively 


actuation 




large 


tasks 




actuation 






forces 





Ionic EAP 



Requires low* 

voltage 

Provides 

predominately 

bending 

actuation 

(longitudinal 

mechanisms 

can be 

constructed)* 
Exhibits large 



Except for 
CP 

(Conductive 
Polymers), 
Ionic EAPs 
don't hold 
strain 
under DC 
voltage 
Slow 
response 
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bending 

displacements 



(fijaction of a 
second) 
Bending 
EAPs 
induce a 
relatively 
low 

actuation 
force 

Except for 
CP and 
CIMT 
(Carbon 
Nanotubes), 
It is 

difficult to 
produce a 
consistent 
material 
(particularly 
IPMC - 
lonomeric 
Polymer- 
Metal 

Composites) 
In 

aqueous 
systems 
the 

material 
sustains 
hydrolysis 
at > 1.23 V 



Electric field or Coulomb forces generally 
drive electronic EAPs, while the primary 
driver for ionic EAPs is the mobility or 
diffusion of ions. 

Types of Electric EAPs and Ionic EAPs are 
summarised below: 

Electric EAPs 

Ferroelectric Polymers 

Piezoelectricity was discovered In 1880, with 
the discovery that certain crystals e.g. 
quartz, tourmaline and Rochelle salt, when 
compressed along certain axes, produced a 
voltage on the surface of the crystal. The 
reverse effect was also found whereby 
application of an electric current saw the 
crystal sustain an elongation. 

Poiy(vinylidene fluoride) or PVDF and its 
copolymers are the most exploited 
ferroelectric polymers. They consist of a 
partially crystalline component in an inactive 
amorphus phase. Large applied AC fields 
(*N/200 MV/m) induce electrostrictive (non- 
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linear) strains of nearly ^2%. P(VDF-TrFE) a 
PVDF polymer which has been subject to 
electron radiation has shown electrostrictlve 
strain as high as 5% at lower frequency drive 
fields (150 V^m). 

Ferroelectric EAP polymer actuators can be 
operated in air, vacuum or water and 
throughout a wide temperature range. 

Dielectric EAP 

Electrostatic fields can be employed to those 
polymers exhibiting low elastic stiffness and 
high dielectric constants to induce large 
actuation strain, these polymers are known 
as electro-statically strlcted polymers (ESSP) 
actuators. 

Dielectric EAP actuators require large electric 
fields ('^lOO V/^m) and can produce strain 
levels (10—200%). It has been reported that 
an acrylic elastomer tape manufactured by 
3M"^ (tradename VHB™) is capable of planar 
strains of more than 300% for biaxially 
symmetric constraints and linear strains up to 
215% for uniaxial constraints. 

Eiectrostrictive Graft Elastomers 

This is a polymer consisting of two 
components, a flexible macromolecule 
backbone and a grafted polymer that can be 
produced in a crystalline form. The material 
exhibits high electric field induced strain 
(~4%) combined with mechanical power and 
excellent processability. 

A typical example is a combination of an 
eiectrostrictive -grafted elastomer with a 
piezoelectric poly(vinylidene fluoride- 
trifluoro-ethylene) copolymer. This 
combination has the ability to produce a 
varied amount of ferroelectric-electrostrictive 
molecular composite systems. These may be 
operated as a piezoelectric sensor or even an 
eiectrostrictive actuator. 

Eiectrostrictive Paper 

Generally the paper is composed of a 
multitude of discrete particles, which are 
mainly of a fibrous nature forming a network 
structure. An example of which is silver 
laminated paper whereby two silver 
laminated pieces of paper with silver 
electrodes are placed on the outside surfaces. 
Upon electric voltage being applied to the 
electrodes a bending displacement occurs. 

These types of actuators are lightweight, 
simple to fabricate and are likely to be used 
in applications such as active sound 
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absorbers, flexible speakers and "^smart" 
shape control devices. 

Electro-Viscoelastic Elastomers 

These materials are composites of silicone 
elastomer and a polar phase. Upon curing an 
electric field is applied that orientates the 
polar phase within the elastomeric matrix. An 
applied electric field (<6 V/|im) induces 
changes In shear modulus. 

Typical forecast applications are as 
alternatives to electro-rheological fluids for 
active damping applications. 

Liquid Crystal Elastomer (LCE) Materials 

These posses EAR characteristics by inducing 
Joule heating. LCEs are composite materials 
consisting of monodomain nematic liquid 
crystal elastomers and conductive polymers, 
which are distributed within their network 
structure. The actuation mechanism is a 
phase transition between nematic and 
isotropic phases. The actuation takes place in 
less than a second. 

Ionic EAPs 

Ionic Polymer Gel (IPG) 

These are polymer gels having the potential 
of matching the force and energy density of 
biological muscles. The polyacrylonitrlle 
materials are activated by chemical reaction 
(s), a change from an acid to an alkaline 
environment inducing an actuation through 
the gel becoming dense or swollen. The 
actuation is somewhat slow due to the 
diffusion of ions through the multllayered gel. 

lonomeric Polymer-Metal Composites 
(IPMC) 

These are EAPs that bend in response to an 
electrical activation as a result of the mobility 
of cations In the polymer network. Generally, 
two types of base polymers are employed to 
form IPMCs these are Nafion® 
(perfluorosulphonate manufactured by Du 
Pont) and Flemion® (perfluorocaboxylate 
manufactured by Asahi Glass, Japan). IPMC 
require relatively low voltages to stimulate a 
bending response (1-10 V) with low 
frequencies below 1 Hz. 

Conductive Polymers (CP) 

CPs actuate via the reversible counter-ion 
Insertion and expulsion that occurs during 
redox cycling. Significant volume changes 
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occur through oxidation and reduction 
reactions at corresponding electrodes through 
exchanges of ions with an eiectroiyte. 

Electrodes are commonly fabricated from 
polypyrrole or polyaniline, or PAN doped with 
HCI. CP actuators requires voltages in the 
range of 1-5 V. Variations to the voltage can 
control actuation speeds. Relatively high 
mechanical energy densities of over 20 J/cm^ 
are attained with these materials, however, 
they posses low efficiencies at levels of 1%, 

Other material combinations for CP are 
polypyrrole, polyethylenedioxythiophene, 
poly(p-phenylene vinylene)s, polyaniline and 
polythiophenes. Some applications reported 
for these CPs are miniature boxes that have 
the ability to open and close, micro -robots, 
surgical tools, surgical robots that assemble 
other micro-devices. 

Carbon Nanotubes (CNT) 

In 1999, CNTs emerged as formal EAPs with 
diamond -like mechanical properties. The 
actuation mechanism is through an 
electrolyte medium and the change in bond 
length via the injection of charges that affect 
the tonic charge balance between the nano- 
tube and the electrolyte. The more charges 
that are injected into the CNT the larger the 
dimension change. 

As a consequence of the mechanical strength 
and modulus of single CNTs and the 
achievable actuator displacements, these 
EAPs can boast the highest work per cycle 
and generate much higher mechanical 
stresses than other forms of EAPs 

Applications 

Applications of EPAs are still in their 
embryonic stages however, some of these 
include: parts that will have the ability to 
mimic insect, animal or even human systems 
(e.g. human artificial muscles), catheter 
steering elements, miniature manipulator, 
dust-wipers, miniature robotic arms, 
grippers, electro-rheological fluids for active 
damping, miniature boxes, micro-robots, 
surgical tools and surgical robots that have 
the ability to assemble other micro-devices. 

Primary author: Dr. Yoseph Bar-Cohen 
Source: Electroactlve Polymers as Artificial Muscles - 
Reality and Challenges (2001), Proceedings of the 42"^ 
AIAA Structures, Structures Dynamics and Materials 
Conferences (SDM), Gossamer Spacecraft Forum (GSF), 
held in Seattle WA, April 16-19. 

For more information on this source please visit 
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News 



Polyaniline based materials 



Products 



Panipol will exhibit at K2004 Fair in 
October. More... 



Panlpoi and Premix enter into 
co'o|>eration 

Panipol oy, the Finnish producer of 
electrically conductive 
Polyaniline polymer and Premix Oy 
a leader of electrically conductive 
plastics compound business have 
reached an agreement on future 
co-o|3eration. More... 




All Panipol products are based on 
Inherently Conductive Polymer 
(ICP) called polyaniline. The 
inventors of inherently conductive 
polymers (Dr Heeger, Shirakawa 
and McDiarmid) received Nobel 
Prize year 2000 for finding this 
new class of materials. 
The basic building block of 
polyaniline products -polyaniline 
emeraldine base (EB)-is now 
produced in large quantities with 
Panipol 's new patented reactor. 
This new reactor represents one of 
the many steps Panlpoi Ltd has 
taken to improve polyanlline's 
quality, consistency and 
avaiiability. 



Panipol product line consists: 

1. Melt processable ICP -Panipol 
DX masterbatches for dry mixing 
and Panipol CX for compounding 

2. Panipol coating systems and 
inks 

3. Panipol polyaniline non- 
conductive emeraldine base form 
as well as conductive polyaniline 
salt (both dry powders). 
More... 
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Polyaniline EB 

Product and applications 

Polyaniline has several non -conductive oxidation states. 
The most stable of those Is emeraldine base (EB), 
having equal amounts of reduced and oxidized repeating 
units (figure 1). 

The fully oxidized form is pemlgranillne and fuiiy 
reduced form is ieucoemeraldine. Doping emeraidine 
base with acid (dopant) results to a conductive 
emeraldine salt (ES). This product is called Panipol F. 

The polyaniline PA (polyaniline EB) is the basic building 
block of Panipol's polyaniline products. Panipol has 
developed a new type of patented process equipment In 
order to achieve better controllable and consistent 
polyaniline quality. In industrial practice, polymerization 
Is typically carried out In stirred tanks. However Panipol 
have selected more favorable flow patterns for 
poiyaniline reaction kinetics and thermodynamics and 
thus the aniline polymerization results have been 
improved. 

• Effective mixing in Panipol's reactor results In more 
uniform concentration distribution than what is possible 
in an industrial scale stirred tank. 

• Better concentration and temperature distributions 
achieved with the new reactor lead to more controlled 
conditions with less by-products and side -reactions. 

• Reactor gives possibilities to several feed points of 
reactants as well as different conditions (e.g. 
temperatures) in different parts of the reactor. This 
possibility, together with accurate knowledge of kinetics 
and thermodynamics, can be utilized to adjust the yield 
and selectivity. 

• With narrow range of conditions, narrow distribution of 
polymer properties can be obtained. Moreover, 
operation conditions of the reactor are often relatively 
easy to change to produce polymers with different 
properties. 



Repeated polymerization runs have shown that 
measured and analyzed values such as for example 
amount of Insolubles show constantly very tow values < 
0.5 % (Average 0.3 %). Molecular weight, particle sizes 
etc can be also controlled with running parameters. 
(Figure 1) 

Figure 1 on left shows the molecular weight changes due 
to the process parameter adjustments. Figure at right 
shows customer specification for the insoluble material. 
Red horizontal line is the specification limit and values 
well below are the actual measured values of various 
consequent batches. 

Applications 

Panipol Ltd sells polyaniline Emeraldine base as is under 
the name Panipol PA. 

Often in these cases the EB Is used In R&D programs 
aimed to develop new products and formulations. 

Panipol PA application example 

Panipol has patented an anticorrosion formula. In this 
formula the Panipol PA is used as a vital ingredient. This 
formulation is designed to replace the current 
anticorrosion paints and Its main application Is shielding 
steel structures against climatic corrosion. 

Formula is based on new homogenous solution method 
(undoped PA, different from earlier patented methods). 
Several different Independent test methods show that: 

- PA improves the anticorrosion properties of coatings 
even at low dosages (1 - 1.5%) 

- The formula is solvent free, environmentally friendly 

Immersion Test in 3.5 % NaCi 

Progression of rust front (mm) from scratch vs. time 
D s dispersion 
L = solution 

With solution method coating slows rust propagation 
down remarkably better than with dispersion coating. 
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